Leukocytes and Melanin Pigmentation Demonstration of Pigmented Leukocytes in Blood of Amphibians, Reptiles and Normal Man* by Wassermann, H.P
The literature on leukocytes and melanin
pigmentation is reviewed elsewhere (1). In a
study on the differential leukoeyte count of the
three racial groups in the Cape Peninsula, (2)
occasional lymphocytes and monocytes were
observed showing granules staining dark
green with May-Gruenwald-Gicmsa, and very
similar to melanin granules observed in
leukocytcs from skin-window preparations of
the inflammatory exudate in Cape Colored
and Bantu males (3, 4, 5, 6). In lymphocytes
the scanty blue cytoplasm complicates positive
identification. In their description of azurophil
granules in lymphocytes Michaelis and Wolff
refer to such dark green granules as clumps
of cytoplasmic reticulum, an explanation also
offered by Ehrlich (7). In dopa-staincd slides,
apart from the normal dopa-positivity of
neutrophils, some monocytcs and lymphocytes
with patches of dopa positivity in their cyto-
plasm could be observed. The melanin-con-
taining leukocytes in amphibians and in a few
reptile bloods were therefore investigated, and
occasional pigmented leukocytes in the periph-
eral blood of normal Bantu subjects, could be
demonstrated. These findings form the sub-
stance of this report.
ExPERIMENTAL
Mat end Arnphibians.—Twenty Bufo tern poraria
were studied. Before this study, an outbreak of
red leg disease occurred in these animals. This is a
leprosy-like disease, caused by a hacillary infec-
tion of the skin and subcutaneous tissues and has
a high mortality. Hematologically, the blood films
showed many mitoses, and leukocytes with evi-
dence of pathologic phagocytosis similar to that
encountered in subacute bacterial endocarditis in
humans, were seen. The neutrophiles exhibited
Ddhle bodies as reported elsewhere (8).
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Reptiles—Blood of 2 chameleons (Chorneleo
dilepis dilepis) and 4 tortoises (Testuclo geornetni-
cus) could be examined. These slides were ob-
tained from the Microbiology Department when
they investigated several reptile species as possible
vectors of human pathogenic material.
Mon—Five normal Bantu males and 4 patients
not suffering from hematological or dermatologi-
cal disease, and specifically not having malignant
melanomata, were studied. In addition 5 White
males were studied.
METHODS
In the amphibian, blood was obtained with a
tuberculin syringe and 19 gauge intradermal
needle. The toad was pithed and the abdomen
opened. The anterior abdominal vein was isolated
and 0.5 ml blood was drawn after the first few
drops were allowed to run through the needle.
This was done to exclude possible introduction of
pigment cells from without (9). In some animals
blood was similarly obtained also from the renal
portal vein and from the ventricle. Several blood
slides were made and quickly air-dried.
The reptilian blood was obtained as slides pre-
pared by technicians of the Microbiology De-
partment.
Blood from the Bantu males were obtained by
venipuneture from the antecubital vein, and
leukoeyte-eoncentratcs were made: 4 ml of blood
were collected in test tubes containing 1 ml of 6%
Dcxtran and 45 units of heparin and mixed. After
seilimentation, the leukoeyte-rieh plasma was
centrifuged at 1500 r.p.m. and several slides pre-
pared from the cellular layer.
Staining Reactions for Melanin
1. Mop-Gruenwald-Giernse.-—Forrned cutaneous
melanin present a green-black color when stained
by this procedure (4). This color was noted in sev-
eral studies describing melanin-containing cells
in the bone-marrow either as melanin-laden
maerophages (10) or as melanoma cells (11, 12),
in patients with melanoma metastases.
2. Destoining Procedure .—May-Gruenwald-
Giemsa stained preparations may be destained by
immersion in absolute methyl alcohol. In skin-
window preparations it was confirmed that the
dc-stained melanin granule had the same brown
appearance as before any staining procedure was
carried out. In freshly stained preparations, the
granule loses its green-black color before the nu-
cleus of the cell is decolorized, and this facilitates
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localization of pigment-containing cells and identi-
fication of cell-type.
3. Dope stoiniag.—Though carried out on blood
smears by the method of Laidlaw and Blackberg
(13), the nonspecific nature of the reaction is of no
practical use in determining the natnre of the pig-
ment.
As pigmented leukocytes are of rare occurrence,
a minimum of procedures can be carried out.
May-Gruenwald-Giemsa stained slides were ex-
amined and when a pigmented leukocyte was
found, the position of the cell was noted on the
vernier-scale of the microscope stage. The slide
was dc-stained and the natural color of the pig-
ment was noted. Schmorl's procedure was then
carried out, but subsequently the highly specific(14) Lillie's Ferrous Iron technic was carried out
instead. After this procedure, in some instances,
bleaching by 10 vols.% 11202 was carried out.
These are standard procedures (14). Fixation in
formalin vapor was employed.
The differentiation of a green-black granule on
M.G.G. film, which has a brown to black appear-
ance on unstained preparations is for practical
purposes that between lipofuscin and melanin.
Schmorl's reaction (14)—Both lipofuscins and
melanins gives a blue color with this procedure, as
well as substances with active sulfhydryl groups.
Ferrous Iron Uptake (14) (Lillie) gives a dark
green color with melanin, while lipofuscins do not
stain. The specificity of this reaction for melanin
is considered to be high (Pearse, 14).
Bleoching by 10% H,02 is usually complete in
the case of melanin within 48 hours, while lipo-
fuscin takes longer for a complete bleaching. The
blacker the melanin the slower the bleaching
process (14).
RESULTS
Am phi bions —In the 20 bufo studied, pig-
mented leukocytes were observed in 15 ani-
mals in blood from one or more of the three
vessels sampled. In all eases at least 500, but
usually 1000 cells were counted.
As stated before these animals were not
hematologically normal. Those jndged on
hematological evidence to he abnormal had
the greater number of pigmented leukocytes,
and frequently had histiocytes in the periph-
eral blood with massive amounts of pigment
granules. Those considered apparently normal
with a normal leukocytic formula, seldom had
pigmented leukocytes in numbers higher than
two per cent, as reported by earlier investiga-
tors (15, 16, 17).
The impression was gained that the ab-
dominal vein and renal portal vein transported
more melanin. Though this is not clearly borne
out numerically, the abdominal vein and
TABLE I
Pigmented leulcoc pies in blood from rarious
sites in Bufo temporaria
(% of leulcocytes with pigment granules.)
Ventricle Abdominal Vein Renal Portal Vein
1 —s 0.8
2 — 2.2 —
3 — 1.2 —
4 — 0.4 —
5 2.2 10.0 —
6 0.8 0.6 1.2
7 1.2 0.2 3.0
8 0.6 1.0 1.2
9 0 1.0 1.6
10 0 0.3 —
11 — 0.4 —
12 1.7 1.0 2.0
13 1.3 1.3 0.5
14 2.4 3.5 0.6
15 0.3 0 1.3
* Dash denotes no
unsatisfactory.
sample or slide technically
renal portal vein often had cells densely packed
with melanin granules. The large pigmented
histiocytes (Figs. 1—5) were only encountered
in the abdominal vein and renal portal vein,
but undue importance should not be attached
to this observation as pigmented leukocytes
are in any case of rare occurrence.
The pigment in large cells, and present in
large amounts, was shown to be mostly mela-
nin. In some of these cells only a positive
Schmorl reaction was obtained, and such
pigment may be lipofuscins rather than mela-
nin.
In some cells a few black granules were seen
but could not be definitely identified as mela-
nin. Such cells were nevertheless also included
as pigmented leukocytes. Most of the pig-
mented leukocytes were mononuclear cell-
types. The ncutrophils of amphibians contain
none or only a few specific granules, and it is
impossible to decide on the actual nature of
some very dark, slightly larger granules in
some ncutrophils. Furthermore, cells with a
basophilic cytoplasm but a nucleus resembling
a granulocytic nucleus should probably be
classified as a monocytic cell type rather than
a granulocytc (9). With these considerations
in mind, cells which were classified as neutro-
phils occasionally had granules which probably
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MELANIN-CONTAINING CELLS IN PERIPHERAL BLOOD OF
BUFO TEMPORARIA
All illustrated cells contain granules positive with Lillie's procedure for melanin. Stained
by May-Gruenwald-Glemsa procedure.
FIG. 1. Macropbage from abdominal vein with several melanin granules varying in size
and concentrated around the edge of a large vacuole.
FIG. 2. Macrophage from renal portal vein with densely-packed melanin granules. The
nucleus stains poorly and the cytoplasm a faint grey-blue.
FIG. 3. Mononuclear cell in cardiac blood with several small melanin granules and small
vacuoles.
FIG. 4. Monocyte and lymphocyte in abdominal vein blood both showing melanin granules.
The monocyte has two cytoplasmic vacuoles.
FIG. 5. Cell in mitosis; contains melanin granules in cytoplasm of both daughter cells.
represent pigment. On preparatiGns stained
by Schmorl's reaetiGn and other preparations
from the same subject stained by Lillie's
method, more positive staining inclusions were
found by the former stain, indicating that some
granules are lipofuscins and not melanin. The
cells illustrated in Figs. 1—S contains granules
which could be identified as melanin by Lillie's
method.
Reptiles—In one of the two chameleons
studied pigmented leukocytes were found to
constitute 0.6% of the leukocytes and in the
S a
3 4
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MELANIN-CONTAINING CELLS IN NORMAL BANTU PERIPHERAL BLOOD
Fm. 6. Mono-nuclear cells with Schmorl-positive granules in leukocyte-concentrate from
normal Bantu.
Fio. 7. Four mono-nuclear cells and two neutrophds in leukocyte concentrate of normal
Bantu male. Central cell contains melanin granules in a small vacuole. (May-Gruenwald-
Giemsa.)
Fm. 8. Partly destained preparation from Bantu male with congestive cardiac failure to
demonstrate brown melanin granule in mononuclear cell.
Fcc. 8(a) The same, completely destained in methyl alcohol revealing several smaller
granules not seen in stained preparation overlying the nucleus.
8A
three tortoises studied, pigmented leukocytes
were found in one only (0.3%).
ill on .—In performing differential counts on
Bantu and Cape Colored subjects, lymphocytes
and monocytes were occasionally encountered
with areas in the cytoplasm staining dark
green. We could, however, not definitely iden-
tify such areas as melanin. Although having a
granular appearance, these areas were small
and it is possible that they represent areas of
denser cytoplasmic stroma. On Schmorl-
stained slides occasional lymphocytes with
blue-staining areas were found (fig. 6), but it
is not known whether they correspond to the
areas referred to on M.G.G. stained prepara-
tions.
In normal white volunteers, leukocyte con-
centrates did not reveal unequivocal melanin
granules.
In 2 of the 5 normal Bantu males and in 3
of the 5 Bantu patients occasional cells with
a large pigment granule could be demou-
strated (Fig. 7 and Fig. 8). After destaining,
the granules had a black appearance in 3 sub-
jects and was dark brown in two. The black
granules after staining with Lillie's method re-
mained black but had a green halo or "shell"
around the granule. After staining with
Lillie's method, the slide was immersed in 10
vols.% 11202. Though becoming less dense and
later brown, the granules took 48—72 hours
to bleach completely, leaving a light greenish
area. The slow bleaching suggests a lipofuscin,
but the greenish hue around the granules after
Lillies procedure suggest melanin.
It is not known whether the prior staining
procedures account for the slow bleaching
process. Dense, black melanin granules also
require longer bleaching than brown granules.
Areas of Dopa positivity were also occasion-
SeO 0
1
A
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ally observed in monoeytes and lymphocytes
from peripheral blood.
DISCUSSION
Pigmented leukoeytes could be demonstrated
ill blood from Amplubians and Reptiles, as re-
ported by several previous investigators (1).
The pigment could be identified as melanin in
the ease of amphibians by the highly specific
ferrous iron technic of Lillie. More pigmented
leukoeytes were found in those amphibians
suffering from the active skin- and subcutane-
ous infection than in normal animals. The
latter had pigmented leukocytes in numbers
conforming to those found by earlier investi-
gators (15, 16, 17).
In normal Bantu, as well as in patients
without melanoma, occasional pigmented leuko-
eytes could be demonstrated and the pigment
was identified as melanin by its staining reac-
tion with Lillie's ferrous iron technic.
It is believed to be the first report of pig-
mented leukoeytes observed in peripheral
blood in normal man. It must be stressed that
large granules were sought for identification in
leukoeyte concentrates and that only occasional
cells were found fulfilling this criterion. In
Sehmorl-stained slides lymphocytes with a
positive reaction were found much more fre-
quently. Such areas may represent lipofuseins
or melanin.
The melanin in these cells may be obtained
from tile tissues (4, 5, 6) and their demonstra-
tion in the peripheral blood then constitutes
proof of a re-entry by these cells into the
peripheral blood after a sojourn in the tissues.
Such a re-entry has been suggested by studies
employing other technies (18, 19). Alterna-
tively, intravascular melanogenesis or pigment-
phagocytosis should be considered.
Neutrophils and eosinophils contain peroxi-
dase (20) which may oxidize melanogen (5—6
dihydroxyindole) or other colorless melanin-
precursors to melanin. The melanin may thus
be formed intravaseularly. An excretion of
melanogen in small amounts occurs in the
urine of normal men (21) (less than 10 fig)
and small amounts would thus be normally
expected in the blood.
(i) Although our studies did not demonstrate
melanin containing cells in Caucasian subjects
smaller or lighter granules may nevertheless
occur, but could not be identified by the tech-
Dies employed. This difference between races
militates against local intravascular melano-
genesis from melanogen by neutrophils.
(ii) Though extra-cellular melanin could not
be observed in these preparations, it is possible
that minute granules may be phagoeytosed
from the plasma. More such colloidal melanin
particles may presumably occur in Bantu sub-
jects, but it would be difficult to conceive how
such granules reached the blood.
The demonstration of melanin in the leuko-
cytes suggests a trephoeytie function for leuko-
cytes in the sense that they (i) transport
enzymes capable of contributing to melano-
genesis, (neutrophils and eosinophils), (ii) that
they gather preformed melanin and transport
this to the R.E.S. where it may be broken
down and re-utilized. (Lymphocytes and
monoeytes.)
In Bufo's studied, sections of the various
organs were taken and stained for iron and
for melanin. The organs most heavily laden
with melanin are the liver, the spleen and the
lung approximately in this order, but the kid-
ney and myoeardium also contain some
melanin. Melanin was not found in the colon
and stomach. These melanin deposits are not
P.A.S.-positive, a reaction obtained from
phagocytosed melanin in maerophages, but the
granules vary in size, which does suggest
phagoeytized melanin (14).
The Staining Reactions of Erythroeytes
In view of the, now untenable, thesis of
earlier investigators suggesting that hemo-
globin is transformed in leukoeytes and
maerophages to melanin (1) it is of interest
to note that the erythroeytes are (i) dopa-
positive probably due to their peroxidase or
peroxidase-like activity. (ii) They stain dark
green with the highly specific ferrous iron
technic of Lillie, and blue with Sehmorl's
technic. The latter may be due to free sulf-
hydryl groups.
As in the ease of the basophil the numerical
scarcity of melanin-containing leukoeytes does
not necessarily detract from their physio-
logical significance.
This finding also suggests that where large
amounts of melanin are produced some of the
melanin circulates, chiefly carried by mono-
nuclear cells and may thus reach other organs
where melanin deposition was reported in
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man e.g. placenta (22) and bone marrow (10).
Melanin deposition in lymph nodes in several
dermatides (lipomelanie retieuloses) (23)
suggests that re-entry to the blood occurs via
the thoracie duct. The melanin deposits in
lymph nodes is a common finding in Bantu
(24). Demonstration of melanin-containing
mononuclears confirms the re-entry of these
cells into the blood after a sojourn in the
tissues.
SUMMARY
1. Pigmented leukocytes, previously re-
ported in amphibians and reptiles, could again
be demonstrated and the pigment could be
identified as melanin.
2. In normal Bantu, as well as Bantu pa-
tients with conditions other than melanoma,
pigmented mononuclear cells could be demon-
strated. It is believed to be the first report of
pigmented leukocytes in normal man, and the
pigment could be identified as melanin.
3. This finding supports the evidence from
other sources that mononuclear cells re-enter
the circulation, and appears to be an example
of the trephocytic function of leukocytes.
ADDENDUM
Since submitting this manuscript, Satanove
(J.A.M.A., 191: 263, 1965) confirmed our ob-
servations in Bantu (4), in the case of Whites
with phenothiazine melanosis. He refers to a
personal communication from G. A. Nicolson
stating that a few cells with granules identical
to those observed in his skin window studies,
could be found in occasional cells in the huffy
coat of the peripheral blood in these pa-
tients.
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